T he p a p e r deals w ith a sam ple of 185 p re g n a n t ra b b its o b tained in C aernarvonshire b etw een F e b ru a ry a n d J u ly 1941 inclusive, during th e h eig h t of th e breeding season. T he in tra -u te rin e m o rta lity w as estim ated b y com parison o f th e n u m b er of co rpora lu te a in th e ovaries w ith th e num ber o f h e a lth y em bryos in th e u te ri. B y grouping th e d a ta according to the stage o f develo p m en t of th e em bryos, it is show n th a t betw een 42 an d 56 % of all litte rs are lo st before th e 2 0th d a y o f g estation. This enorm ous m o rta lity occurs chiefly on th e 11th a n d 12th d ay s o f gestation, after im p la n ta tio n a n d w hen th e p la c e n ta is alread y well established. A nalysis o f th e m o rta lity according to th e in itial size of litte r shows th a t th e p ro p o rtio n of litte rs show ing loss increases w ith th e initial size of th e litte r in th e form o f a geom etrical progression. I n alm ost every litter-size class a re la tiv ely large n u m b er of litte rs were observed in w hich all th e em bryos w ere reabso rb in g . T he m o rta lity , w h eth er rep resen ted b y th e percentage of anim als show ing loss or b y th e p ercentage of ova lost, also varies according to (a) w h eth er th e anim als are, or are n o t, la c tatin g , (6) th e cleaned body w eig h t o f th e m o th e r, a n d (c) th e m o n th . These v ariatio n s are, however, fully acco u n ted for b y v a ria tio n s in th e frequencies of th e initial size of litte r.
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I n tr o d u c t io n
The reproductive processes of animals in the wild state often differ widely from those of the same species in captivity or domestication. It is therefore dangerous to apply knowledge of reproduction derived exclusively from laboratory animals to their wild progenitors. Our knowledge of the reproduction of the rabbit, although extensive, is derived mainly from domesticated breeds and very little is known of these processes in the wild animals. Consequently an investigation of the reproduction of wild rabbits has been undertaken in the hope that light might be thrown on the biology of the species which would be of assistance to those concerned with its control. This investigation was intended to be complementary to the work on the ecology and bionomics of the species proceeding at Oxford. In view of the unexpected nature of the results obtained concerning intra-uterine mortality, it was felt to be desirable to publish these at once rather than to hold them over until the investigation of other aspects of reproduction had been completed.
Material and t e c h n iq u e
The material consisted of a weekly sample of between twenty and forty marketable rabbits obtained in Caernarvonshire during the months of February to July 1941, inclusive. These were paunched by the trappers, care being taken to avoid damaging the reproductive organs, and were marketed after examination and removal of the reproductive organs. The samples were composed of rabbits fit for market, the trappers tending to exclude very small rabbits, unless they had a bunch the equivalent of an adult couple, and those that were very badly damaged. Every effort was made to ensure that no other selection was exercised. The material used during February, March and the first fortnight of April was shot on the Vaynol Estate, near Bangor. That used subsequently was trapped on the Lleyn peninsula in south Caernarvonshire. These two localities are some 16 miles apart. The cleaned body weight of all animals was recorded. Milk that could be expressed from the nipple was used as the criterion of lactation. Since milk is present on and after the 29th day of gestation in the glands of pregnant rabbits, which are not suckling, this criterion did not enable suckling and non-suckling animals near full-term to be dis tinguished. The corpora lutea in the ovaries and the uterine swellings, when visible in pregnant animals, were counted before removal of the reproductive organs. Little difficulty was experienced in accurately counting the number of corpora lutea during pregnancy, but it should be noted that if any error arose through failure to recognize a corpus luteum it would tend to reduce the apparent mortality. All embryos were counted as healthy unless they showed obvious and unmistakable signs of being in process of reabsorption. Thus all embryos that were suspected of being in early stages of reabsorption were classed as healthy. This stringent criterion of reabsorption tended to reduce the apparent mortality. The age of litters in which all the embryos were reabsorbing was determined, where possible, from the remains of the least autolysed embryo. Only two animals are included in the data in which reabsorption of all the embryos had proceeded too far to determine the stage at which the last died. It was found that the macroscopic appearance of the unopened uterine swelling was a good guide to the condition of the contained embryo. Swellings that were spindle-shaped rather than spherical and with a slightly wrinkled uterine surface, coloured by extravasation of blood in the tissues, often contained reabsorbing embryos. Those that were spherical, tumid and clear in appearance always contained healthy embryos. This distinction was especially apparent after fixation.
It was found to be possible, with practice, to recover without loss tubal ova or unattached uterine blastocysts by transfusion with saline. A pipette of suitable size, fitted with a rubber bulb, was employed and the ova or blastocysts were identified and recovered under a binocular dissecting microscope. The Fallopian tube was severed from the uterus and dissected away from the ovary, the mesentery being removed before transfusion. The canula was always inserted at the fimbriate end and care was taken not to puncture the tube at any point. The ova or blastocysts, when recovered, were fixed in Bouin's fluid. Early stages were subsequently attached to small blocks of testicular tissue by means of a drop of Meyers glycerine and albumen coagulated with absolute alcohol, and were serially sectioned. Blastocysts which had become attached and could not be removed from the uterus by transfusion always formed macroscopically visible swellings on the uterus.
Implanted embryos between 8 and 20 days old inclusive were aged by comparison with the figures in the normal table (Minot & Taylor 1905 into a similar number of stages. Actually gestation in the wild animal is certainly shorter, probably 28-30 days as stated by Southern (1940) . Therefore each daily stage actually represents an interval of 21 hr., not 24 hr. as in the domestic breeds on which the tables are based. Apart from the discrepancy arising from this cause it is probable that the method of estimating the age is accurate to + 1 day, except at the end of gestation when the margin of error may be slightly greater.
Intra-uterine mortality of the wild rabbit
Observations
Magnitude of mortality The data presented in table 3 concern the incidence of intra-uterine mortality of embryos according to the stage of gestation. The mortality in utero can be represented, as in the table, either as the proportion of litters in which one or more ova have been lost or as the proportion of all ova ovulated that are lost. Ovulation is not spontaneous in the rabbit, but is consequent on copulation, so that the probability of ova being unfertilized is very small and can play only a very insignificant part in the loss, as is borne out by examination of serial sections of all the tubal ova recovered.
The mortality in utero is estimated from the difference between the .number of ova ovulated, as shown by the number of corpora lutea, and the number of healthy embryos remaining. Since the corpora lutea persist throughout pregnancy irrespective of the death and disappearance of some of the embryos, it follows that the estimated mortality in comparable samples should increase at successive stages of gestation. The loss shown by each age group includes the loss in that sample at earlier stages of development. Therefore it follows from the data in table 3 and figure 1, that the samples in the successive age groups are not comparable and that the death of embryos on or before the 20th day must result in many instances in the loss of the whole litter and the cessation of pregnancy. The embryos must be reabsorbed rapidly and the animals, being then no longer pregnant, do not form part of the population represented by the samples of the later age groups. This is borne out by the fact that no animals more than 20 days pregnant were observed to have lost more than two ova each or to have less than two healthy embryos each remaining.
There are three methods by which the percentage of litters that are lost in this way can be estimated from the data. These are:
(1) Mortality is at a maximum in the 11-15 day'age group, which consists of fifteen litters showing no loss of ova and thirty-two litters showing some loss. Those showing some loss included both litters in which all the embryos will be lost and litters in which some of the embryos will survive. The later age groups will contain only litters in which some or all of Vol. 1 3 0 . B.
3 0 the embryos survive. The age groups 21 days pregnant and over consist of forty-five litters showing no loss and seventeen litters showing some loss. Therefore the maximum number of litters showing some loss that may be 17 x 15 expected to survive in the 11-15 day age group is: ---= 5*6. It follows that a loss of 26-3 or 56 % of the litters is to be expected. This is a minimum estimate because if any embryos which died after the 15th day have been included, their inclusion will have decreased the estimate. (2) The relative numbers of animals obtained in early and late stages of gestation provides a means of estimating the percentage of litters lost, assuming that the method' by which they were obtained exercises no selec tion between those in different stages. During the first 10 days of gestation ninety-six animals were obtained compared to sixty-seven during the last 12 days, a difference that would be satisfied by a loss of 42 % of the litters.
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No animals which had lost more than two ova were obtained after the 18th day, but twenty-two, that is 47%, of those in the 11-15 day age group had lost three or more ova. This method assumes that of the 11-15 day age group none of those litters in which only one or two ova have died will be lost; if they are, the percentage of litters lost will be greater than that estimated.
The fundamental assumptions on which the validity of each of these three methods depends are different in each case, yet the estimates they yield are not widely divergent. It must be concluded that at least 42-56 % of all litters are lost between the 10th and 20th days of gestation.
Stage of development at which maximum mortality occurs
The incidence of reabsorption of embryos appears to be highest during the 11th and 12th days of gestation. Of twenty-four animals 11 or 12 days pregnant, fifteen had three or more embryos reabsorbing and of these ten had all the embryos reabsorbing. No animals were obtained with three or more embryos reabsorbing before the 9th day or after the 18th day of gestation. No embryos actually in process of reabsorption were found after the 20th day. The data are given in table 4 and figure 2. It may be concluded that the loss shown by animals 20 days pregnant and over was sustained at an earlier period in gestation, and that the death of an embryo after the 20th day, if it occurs at all, is followed by abortion, not reabsorption. The small number of animals obtained with uteri in an immediately post-partum condition may have included some that had recently aborted advanced embryos and which would have been very difficult to distinguish from those that had given birth recently to living young.
Distribution of mortality according to size of litter
The relation between mortality and the initial size of litter, as determined from the number of corpora lutea in the ovaries, is shown in table 5. This table shows clearly that in almost every litter-size class a relatively large number of examples were observed in which all the embryos were re absorbing. This corroborates the interpretation of the data presented in table 3, for if a large number of litters are lost between the 12th and 15th days of gestation, as is shown in table 4, it is to be expected that a number of examples would be observed in which all the embryos were in process of reabsorption.
It must be remembered that animals in which the whole litter is lost cease to be included in the sample once the embryos and corpora lutea have disappeared and they are no longer pregnant. The number of such animals must be considerable, since it has been shown that 42-56% of the litters are lost by the 20th day of gestation. It may be suggested that table 5 is misleading, since it is admittedly biased by the exclusion of all those litters in which the reabsorption of the embryos was complete. It is instructive, therefore, to examine the relation between mortality and the initial size of litter for each age group separately. The data are given in table 6. It will be observed that the proportion of litters showing loss of ova increases as the initial size of litter rises. The relation approximates to a geometrical progression where the probability that any litter of n ova will suffer no loss is \= p n or log log
The mean value of p = 0-892 for the whole sample can be calculated the values derived from each litter-size group, as in the left-hand section of table 7. This empirical formula is fitted to the data, using the mean value of p = 0-892, in the right-hand sections of the table.
The goodness of fit is tested by means of y2, calculated both from the litters showing loss and those showing no loss. Three degrees of freedom are lost, two since the expected frequencies have been calculated from the observed total and the mean value of p, and one by combining the litter-siz 7 and 8, leaving n = 3. Pi s found to be between the empirical formula fits the data well. This formula provides a convenient means of correcting for the effect of differences in litter size when comparing the mortality in different fractions of the sample, as in the succeeding sections.
Influence of lactation on mortality
The maintenance of pregnancy during lactation is exceptional in domesticated rabbits, and the possibility that the very high mortality rate in utero observed in wild rabbits is associated with lactation suggests itself. The data are grouped in table 8 according to whether the animals were, or were not, lactating. Animals 29 days pregnant and over were excluded because the presence of milk in the glands does not necessarily indicate that they are already suckling. It can be seen that the mortality, as measured either by the percentage of litters showing loss or the percentage of ova lost, is distinctly higher in all the age groups in the lactating animals. It is necessary to determine whether this difference is due to lactation or whether it can be accounted for by a difference in the fre quencies of litter sizes in the two classes. The frequencies of litter sizes in the two classes are given in table 9 together with the observed number of litters showing no loss. The expected distribution of litters showing no loss is calculated from equation (1), using the mean value of p = 0-892 derived from the whole sample of litters. It can be seen that the observed and expected values agree very closely in each class, and it may be concluded that the difference between the proportion of animals showing loss in lactating and non-lactating animals is due to differences in the frequencies of litter sizes. Therefore the data provide no evidence that in the wild rabbit lactation has any appreciable effect on intra-uterine mortality. -----------------*---------------------------------- 
Seasonal variation of mortality
It cap be seen from the data in table 10 that both the percentage of animals showing loss and the percentage of ova lost rise from a minimum in March to a maximum in May and then fall to a lower level in June and July. The monthly frequencies of litter sizes are given in the first section of the table. The observed frequencies of litters showing no loss are compared with the expected frequencies, calculated from equation (1) using the mean value of p =0-892 in the second section can be seen that the observed and expected frequencies agree well.
Applying the y2 test, as in table 7, y2 = 1-69, = 3 and P -0-7 to 0-5, it is found that there is no significant difference between them. The monthly observed and expected percentages of animals showing loss are repre sented graphically in figure 3 , which shows that the curves intersect in April. This period corresponds with a change in the locality from which the material was obtained. Those obtained on or before 16 April were from the Vaynol Estate in north Caernarvonshire, whereas those taken sub sequently were from south Caernarvonshire, some 16 miles distant. These two localities therefore were isolated from each other so far as any possible movements of population were concerned. It is therefore necessary to compare the data derived from these two localities, the samples from each being nearly equal in size. They are given in table 11. It can be seen that when the data are grouped in this manner the observed number of animals F. W. Rogers Brambell showing no loss is greater in the first half of the season and less in the second half than the expectation calculated from equation (1) using the mean value of p = 0-892. The deviations are in each case 4-5 so tha two samples, when corrected for differences in the frequencies of litter sizes, differ from each other by nine out of seventy-nine litters or 11*4% of all litters. This difference, though not very great, is probably significant and may represent either a seasonal or a geographical variation in mortality.
Variation in mortality according to the body weight of the mother
The data are grouped according to the cleaned body weight of the mother in 100 g. classes in table 12. It can be seen that the proportion of animals showing no loss decreases as body weight increases, reaching a minimum in the 1300-1399 g. class. The observed number of animals does not differ significantly from the expectation calculated from equation (1), using the mean value of yp -0-892, and testing by means of y2. Entering the with y2 = 5-51, n = 3, Pi s found to be between 0-2 and 0-1, and it may 
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Intrci-uterine mortality of the wild rabbit 475 concluded that the variation in litter size frequencies accounts for the whole of the variation in the proportion of animals showing loss in the different body-weight classes.
Conclusions
Estimates of the amount of intra-uterine mortality in wild polytocous mammals are scarce, and those that have been made have been based on the discrepancy between the number of healthy embryos and the number of corpora lutea present. The samples available have, as a rule, been too small to permit of subdivision. Consequently each estimate has been based on the total mortality shown by the whole sample. Treating the rabbit data in this way as a single sample, a loss of 2 2 % of ova ovulated is apparent, which, although a high mortality rate for a wild animal, has been shown to be far below that which is actually experienced. The demonstration of the occurrence of a much higher mortality rate, and hence of the inadequacy of any estimate arrived at by treating the sample as a whole, depended on the fact that the embryos could be aged with considerable accuracy, owing to Minot & Taylor's (1905) normal table of development of domestic rabbits. Consequently the data could be grouped according to the stage of gestation and the loss of many whole litters on the 11th or 12th day was revealed. It is apparent that this method should be employed in the future and that estimates based on samples not grouped according to stage are open to serious criticism and may be entirely misleading.
The three methods employed of estimating the proportion of whole litters lost yield values between 42 and 56 %. In addition 6-8 % of the ova were lost in the remaining litters which survived the 20th day of gestation. Therefore it follows that between 45 and 58 % of all ova ovulated must have been lost. This is a very surprising conclusion, yet the technique was such that the experimental error should have tended to minimise the estimates, for any failure to recognize and count either a corpus luteum or an embryo in an early stage of reabsorption would have had this effect.
The discovery of this heavy rate of mortality in utero raises several problems requiring further investigation. It is important to determine whether this high rate of mortality is normal and relatively constant or whether it varies (a) from season to season, (b) in populations that are undisturbed as well as ones subject to intensive and prolonged destruction, such as those from which the data of this investigation were drawn, and (c) from locality to locality. Comparison of the samples from north and south Caernarvonshire suggest that there may be geographical variation. A single sample of sufficient size obtained by intensive effort during a Intra-uterine mortality of the wild rabbit 477 limited period at the height of the breeding season would provide ideal material for comparison of annual and geographical variation in the incidence of intra-uterine mortality. Such information should be obtained without delay for it is obvious that a fluctuating mortality rate, liable to rise as high as that now recorded, could amply account for very large changes in density of population and might play an important part in the periodic changes in numbers of rabbits that are known to occur.
It is difficult for technical reasons to obtain information concerning the number of ova lost before the 7th day, when implantation occurs. The method of recovering ova and blastocysts by transfusion of the Fallopian tubes or uteri is reliable. Nevertheless, failure to recover by this means the full number ovulated is open to the criticism that it might be due either to mortality or to technical insufficiency. Consequently no attempt was made to estimate mortality by this means and only the Fallopian tube and uterus of the side on which the greatest number of ova had been ovulated was transfused as a rule. The only other means of obtaining the requisite data wrould have been by serially sectioning the Fallopian tubes and uteri, an immense labour with a large sample of animals the size of rabbits. The eight animals showing loss in the group 10 days pregnant or less all had attached blastocysts. They represented 22-2 % of animals showing loss and 11-2 % of ova lost. This loss must have included therefore the loss prior to implantation whether through ova failing to become fertilized or through death of the embryos. All the ova recovered by transfusion were sectioned and none were found to be unfertilized, but a few of them were too badly preserved to determine whether they were fertilized or not. It may be concluded that very few ova ovulated are lost through being unfertilized, doubtless because ovulation is dependent on copulation.
The maximum incidence of mortality on the 11th and 12th days of gestation is surprising for at this time the placental connection is well established and there is no obvious embryological reason why it should be a critical period. It might have been expected, a priori, that the incidence of mortality wrould have been highest around the 8th day, the time when implantation is effected. It is apparent from the data in figure 2 that the embryos and their membranes must be reabsorbed very quickly and that all traces of them must have been lost in a very few days after the death of the embryos. No reabsorbing embryos were obtained after the 20th day. Therefore either there is virtually no mortality after that stage or else all embryos that die after the 20th day are aborted. Abortion presumably involves the loss of the whole litter, as in other polytocous animals. Animals that had recently aborted a litter after the 20th day would be difficult to distinguish from post-partum animals and would probably have been classed as such. However, the number of animals obtained in this category was not large and could not have included many that had aborted.
The mortality, whether represented by the percentage of animals showing no loss or by the percentage of ova lost, varies according to (a) the initial size of the litters, ( b) whether the animals are, o (c) the cleaned body weight of the mother, and ( the month. The pro portion of animals showing no loss varies with the initial size of the litter in accordance with a simple equation (1). This equation provides a con venient means of correcting differences in the observed proportion of animals showing no loss arising from variation in the frequencies of litter sizes. For this purpose the mean value of the constant, for the whole sample was employed. Using this correction, it was found that the proportion of animals showing no loss does not vary significantly with the cleaned body weight of the mother, the month of the year nor according to whether or not the mother was suckling another litter. The observed variations are accounted for by variations in the frequencies of the initial sizes of litters.
The conclusion that the mortality rate in lactating and non-lactating wild rabbits does not differ significantly, if allowance is made for the distribution of litter sizes in the two groups, is in striking contrast to the observed effects of lactation on pregnancy in domestic rabbits. These are clearly stated by Hammond (Hammond & Marshall 1925) , who says: 'While it is the rule in the rabbit that pregnancy does not occur during lactation there are two circumstances under which it is possible: (a) where only a small number of young are being suckled, and ( ) in times of abundant nutrition suitable for breeding.' Hammond expresses the view that ' the lack of uterine nutrition as an effect of suckling causes the death of the blastocyst and its absorption '. The results of the present investigation do not support this view so far as the wild rabbit is concerned. On the contrary it must be concluded that the mortality observed was not due to any deficiency in the quantity of nutrient available for the developing embryos because (a) it takes place at a time when the demands of all the embryos in the litter can be only a fraction of those of a single foetus approaching full term, (6) it is not confined to large litters, and (c) it does not differ significantly in lactating and non-lactating animals when allowance has been made for the sizes of litters.
The causes of foetal atrophy are obscure. Hammond (1928) concluded that it was not due to bacterial action because the affected embryos are not necessarily confined to those that are lowermost in the uterus, where they would be most exposed to infection, but are scattered, often occurring between quite healthy embryos. He produced an inbred strain of rabbits in which much foetal atrophy occurred and he was able to show that, in this instance, it was due to a recessive mendelian factor, possibly a multiple factor. This factor operated through the mother on the foetuses in utero. It was therefore the genetic constitution of the mother and not that of the foetuses themselves which caused atrophy and the factor responsible was not a lethal. It is possible that the intra-uterine mortality in wild rabbits, recorded in this paper, is due to similar genetical causes, but that recorded by Hammond appears to take place at a later stage in the development of the embryos.
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